Everyone interested in industrial medicine realizes that, with the exception only of lead, benzol is at the present time the most serious of all the toxic substances used in industry. On this account it has seemed desirable to acquire a more intimate knowledge of the details of its action upon the body and particularly its immediate, acute effects. The present discussion will bear, therefore, not upon the destruction of the hematopoietic system and the anemia that result from chronic benzol poisoning, but upon some reactions heretofore unknown,t showing the effects of benzol upon the nervous control of the circulation.
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Hering has shown that occlusion of the two common carotids induces a great increase in the pulse-rate and a marked rise of arterial pressure. On the other hand, when the carotids are reopened and the blood supply through them is thus renewed the heart is markedly slowed and arterial pressure is depressed again to the normal level. In addition, Hering claims that these alterations of the rate of the heart and of the tonus of the vasomotor system are the effects of a reflex which originates in a spot situated at the level of the bifurcation of the carotid artery. At this point there are nerve-endings which are sensitive to changes in arterial pressure, and from this point afferent nerve-fibers pass to the respiratory and vasomotor centers by way of what is called the sinus nerve, or, as we prefer to say, the nerve of Hering.
In the investigations to be described use Therapie, 1933, 44, 394. Sato, but in addition that after administration of benzol occlusion of the two carotid arteries no longer excites a rise of arterial pressure. Danienopolu and Marcu also find that the reflexes inducing a rise and a fall of arterial pressure which originate from the sensitive nerve-endings in the sinus at the bifurcation of the carotid are abolished by inhalation of benzol.
Purpose of the Investigation
In planning the experiments the problem was attacked in a manner somewhat different from that of Tchernikoff. It was of particular interest to determine the point at which benzol exerts its action upon the vasomotor system. To this end a thorough study of certain features of the pharmacological action of benzol was made, with particular attention to the extreme suddenness with which benzol acts upon the circulation and the rapid recovery after the benzol is withdrawn.
The technic employed was as follows: All of the experiments were made on dogs of from 10 to 15 kilograms in weight. They were anesthetized with chloralose. Arterial pressure was recorded by means of a mercury manometer connected with the femoral artery. Respiration was recorded from a pneumograph around the chest. Benzol vapor was administered by connecting a cannula in the trachea with a flask containing benzol through which air was drawn by the respiratory movement of the animal,-a flask similar to that commonly used for administering chloroform or ether. The strength of the vapor was regulated by the distance into the flask to which the tube and plate were pushed or drawn out. In this way the animal could be made to inhale a greater or less quantity of the toxic vapor diluted in air to the extent desired.
It It is interesting to note that the same effects are induced in an unanesthetized dog by any irritating vapor and even by amyl nitrite. The three effects-bradycardia, apnea and arterial hypertension-reflexly induced through irritation in the nose were observed by Kratschmer seventy years ago. He found that they could be induced in any one of three ways, by irritating the nose chemically, physically or mechanically. The part of the respiratory tract in which this irritation is induced must be carefully distinguished from those parts through which vasomotor paralysis may be induced. For the production of vasomotor paralysis in the dog it is essential that benzol vapor be inhaled through the trachea. In man the nasal reflex is much weaker.
The Effects of Benzol
The extreme rapidity of the effect of inhalation of benzol vapor and the rapidity with which the effect disappears when the vapor is withdrawn were demonstrated in the case of a dog that reacted normally to occlusion of the carotids with a rise of arterial pressure of 100 mm. of mercury. But this reaction of the vasomotor mechanism was entirely suppressed and there was no rise whatever induced by occlusion of the carotids within one minute after the inhalation of benzol vapor.
Furthermore, within one minute after the inhalation of benzol vapor was stopped, the vasomotor reaction induced by occlusion of the carotids was as great as it was prior to inhalation of benzol. In some cases the readiness with which the animal throws off the intoxication is as remarkable as is the rapidity with which vasomotor paralysis is developed under the influence of benzol.
These experiments have demonstrated also the slowing of the heart-rate under the influence of benzol. It is strikingly different from the increase of heart-rate which Ellinger observed in coldblooded animals under the influence of benzol, as well as that occurring in warm-blooded animals when benzol is administered through the nose.
It is also of interest to note that this slowing of the heart-beat continues throughout the inhalation of benzol in spite of the fall of pressure within the carotid sinus induced by the occlusion of the two carotids. This fact demonstrates that benzol acts vigorously against the reflex increase of the heart-rate normally induced by fall of arterial pressure at the level of the sensitive points in the sinus caroticus at the bifurcation of the carotids.
There is additional evidence, along another line, of the particular effect of benzol on the vasomotor system. To demonstrate this effect the carotids were first occluded and then, when the rise of arterial pressure had reached its maximum, benzol vapor was administered. The effect was to cause a return of the arterial pressure to its original level within one or two minutes in spite of the fact that the carotids were still occluded.
Furthermore, if at this moment the inhalation of benzol was terminated while the carotids were still occluded, the result was that the arterial pressure again rose in about two minutes to its high level under the influence of the low pressure maintained in the sinus caroticus by the continued occlusion of the carotid arteries. Then, removal of the clamp from the carotids caused exactly the same fall of arterial pressure as if benzol had not been administered at all.
The rapidity of this paralyzing action of benzol and the rapidity with which it passes off are among the most interesting characteristics of the effects of benzol.
The Point of Action of Benzol
We may turn now to the question of where benzol exerts its effect. In order to answer this question special attention has been paid to the influence of benzol on peripheral blood-vessels. Tchernikoff believes that benzol exerts its action chiefly upon the centers, as does Ellinger also. Certainly it cannot be denied that benzol induces central effects. The convulsions induced by inhalation of benzol are well known, but these convulsions and the striking effects of benzol upon the rhythm and amplitude of respiration are to be seen relatively late, long after the vasomotor system has been completely paralyzed. Moreover, in many cases after the central effects have occurred, they do not pass off immediately after the inhalation of benzol is terminated, and the convulsions once induced by benzol continue for a considerable time. On the other hand, after removal of benzol it is common to see a return of the sensitivity of the vasomotor system even while the animal continues to show the clonic contractions of its muscles and the increased respiration characteristic of benzol poisoning.
This fact seems to indicate that the point of action of the vasomotor paralysis, at least during the beginning of inhalation of benzol, is not to be found in the centers. Tchernikoff has noted that after inhalation of benzol stimulation of the splanchnic nerve does not induce vasoconstriction, and this fact alone is enough to show that benzol exerts a certain influence upon the periphery.
In view of these facts, attempts have been made to determine exactly the point in the periphery upon which benzol chiefly exerts its action. These experiments have involved a study of the reactions of arterial pressure to certain substances which act upon the peripheral vasomotor system; lobeline acting on the ganglia, adrenalin acting on the peripheral nerve-endings, and pituitrin acting on the muscle itself.
Interaction of Benzol wsith Other Drugs For this purpose the influence of lobeline upon the effects of benzol was determined. To do this a dog is first injected with a small dose of a substance which, like lobeline, acts upon the synapses of the autonomic system, thus producing a vasoconstriction, as indicated by a sharp rise of arterial pressure. At the moment when arterial pressure has returned to its original level, the animal inhales benzol vapor and, in consequence, the arterial pressure falls. A new injection of lobeline, administered about one minute after benzol, does not produce the slightest rise of pressure.
Instead of lobeline one may administer a substance that acts not only at the level of the ganglia but upon both the ganglia and the periphery. Such a substance is hordenine. Under this drug the same phenomena appear. Inhalation of benzol prevents the rise of pressure normally induced by hordenine. An objection to this experiment can be offered in that a large dose of hordenine might perhaps paralyze the synapses in the same way as do nicotine and lobeline. Under these conditions the lack of any rise of pressure could be interpreted not as due to paralysis induced by benzol, but rather to the blocking off of the synapses.
The answer to this objection is afforded by an experiment in which hordenine had not previously been administered. Under these conditions after inhaling benzol an intravenous injection of hordenine induced the same lack of reaction as in the other experiment. Here it is clearly impossible to invoke a blockage of the synapses. Nevertheless, benzol prevents any rise of arterial pressure.
In a dog in which the vagus and depressor nerves have been cut sulphate of hordenine always induces a great increase of the heart-rate. But if we administer hordenine during the inhalation of benzol, the property of slowing the heart, characteristic of benzol, is reinforced. In fact, after inhalation of benzol an intravenous injection of hordenine is followed by a fall of the arterial pressure and a stoppage of the heart for two or three seconds.
With such a substance as pituitrin which acts on the non-striated muscle itself we obtain the same general result. After one or two minutes of inhalation of benzol, pituitrin administered intravenously no longer causes a rise of pressure. When pituitrin is injected ilntravenously the arterial pressure rises in a few seconds to 180 mm., at which level it remains. If, then, benzol vapor is administered by way of the trachea, arterial pressure falls more slowly than in experiments with other drugs, probably because of the vigorous action of pituitrin on the non-striated muscle fibers in the walls of the blood-vessels. It is only after two minutes that the action of benzol overcomes that of pituitrin. Arterial pressure then falls sharply and a certain degree of bradycardia appears in the slowing of the heart-rate. If, now, the dose of pituitrin is repeated, the oscillations of arterial pressure demonstrate the conflict between the two drugs. But again the effect of benzol is predominant and the arterial pressure does not rise again. If the benzol is then shut off, the conditions return to those normal under the influence of pituitrin.
We may also contrast the effect of benzol and ephedrine. Two centigrams of ephedrine are injected intravenously, and at the time when arterial pressure has attained its maximum, an inhalation of benzol vapor is administered, with the result that arterial pressure falls. Benzol is then administered for two minutes and the dose of ephedrine is repeated, but no increase of arterial pressure occurs. The arterial pressure returns only after the inhalation of benzol is terminated. This experiment shows particularly well the powerful effect of benzol, not only in overcoming the hypertension induced by ephedrine initially, but also in completely preventing the effect of another dose of ephedrine.
It is more difficult to study the action of adrenalin on benzol intoxication. In experiments on 15 dogs, 10 died suddenly from syncope under the combined effects of adrenalin and benzol. A number of substances, adrenalin, lobeline, hordenine and others have been shown by Levy and other investigators to induce ventricular fibrillation and to cause death when administered in association with chloroform. Furthermore, Tournade has shown that the accidents that occur under adrenalin and chloroform result particularly under light chloroform anesthesia, while full chloroform anesthesia has the opposite effect and tends to prevent fibrillation. Other investigators have shown that not only chloroform, but also methyl chloride, dichlormethylene and carbon tetrachloride may produce this syncope or heart failure in the form of ventricular fibrillation. The heart failure after benzol, however, presents certain peculiarities. Unlike that produced by chloroform it does not occur either with lobeline or hordenine.
Ventricular Fibrillation under Benzol and Adrenalin
There is in the literature no evidence regarding the combined effects of benzol and adrenalin upon the heart. I have found, however, that ventricular fibrillation is induced in dogs intoxicated with benzol by 0.1 mg. of adrenalin as well as after 2 mg., and quite as well in intact dogs as in animals in which the carotid sinus has been denervated and the vagi cut. Fibrillation occurs also as well in animals that have been already subjected to substances acting upon the sympathetic nervous system as in those which immediately before inhalation of benzol have received an injection of adrenalin, hordenine or ephedrine, e. g., a preliminary injection of adrenalin does not protect the animal against the heart failure produced by the simultaneous action of adrenalin and benzol. This is in contrast to what occurs under adrenalin and chloroform, when the adrenalin is injected first. Even a preliminary denervation of the two carotid sinuses and section of the vagi, in addition to repeated preliminary doses of adrenalin and hordenine, do not afford any special resistance to the toxic action of adrenalin after benzol. This fact is significant in connection with the protective action, observed by Bouckaert and Heymans, obtained by denervation of the carotid sinuses and the consequent prevention of heart failure under adrenalin and chloroform. The heart failure under adrenalin and benzol is exactly similar to that induced by adrenalin and chloroform. The mechanism of this effect seems to be the same in both cases, and exactly the same ventricular fibrillation is shown in electrocardiograms by the string galvanometer.
Five of the dogs withstood a simultaneous administration of benzol and adrenalin. In three of these animals the inhalation of benzol greatly diminished, or entirely eliminated, the rise of pressure ordinarily induced by the injection of adrenalin. In the other two animals benzol, without completely eliminating the action of adrenalin, greatly decreased it.
In order to determine the rapidity with which benzol acts, we have made another test on a dog especially sensitive to the intoxication. At the exact moment of the injection of 0.2 mg. of adrenalin an assistant administered the vapor of benzol to the animal by way of the trachea. No rise of pressure occurred; the effect of benzol was as rapid as was that of adrenalin. When, instead of 0.2 mg. of adrenalin, only one-tenth was administered simultaneously with benzol, the toxic action of the latter dominated the adrenalin, and a fall of pressure occurred like the reversed action of adrenalin after ergotamine.
The suddenness with which benzol neutralizes the effect of adrenalin may be shown in yet another way. When adrenalin was injected in doses of 0.3, 0.4, or 0.5 mg. and the consequent rise of pressure was at its maximum, benzol vapor was administered through the trachea. In all three cases a single inspiration of benzol vapor was sufficient to cause instantly a fall of pressure, and to induce a slowing of the heart-beat which was the more striking because it followed immediately after the rapid heart-beat induced by adrenalin.
From these observations we can conclude that benzol possesses the property of paralyzing the vasomotor system and that both the intoxication and the removal of the intoxication are extremely rapid. Without deciding the question of an accessory action upon the centers, we may conclude that the paralyzing effect is particularly upon the periphery, that is, upon the non-striated muscles of the blood-vessels.
In a study of the effects of benzol upon the musculature of isolated organs I have also shown an antagonism between benzol and salts of barium. It appears that benzol stops the contractions of isolated organs previously treated with barium, as well as of those that have not been so treated.
Conclusions
Benzol, when administered to dogs by the nose, causes a rise of arterial pressure and a stoppage of respiration. On the other hand, the inhalation of benzol vapor by way of the trachea induces a fall of arterial pressure and a slowing of the heart in dogs under chloralose. The reflexes induced in normal animals through the carotid sinus are abolished or greatly diminished.
In most cases the paralysis of the vasomotor system occurs in less than two minutes after the beginning of intoxication with benzol. But in a very short time after the end of the inhalation of benzol vapor the vasomotor system returns to its normal condition.
During inhalation of benzol a slowing of the heart-beat occurs and is to be seen even during occlusion of the two carotids. This bradycardia is always reinforced by such substances as adrenalin and hordenine. Furthermore, under the influence of benzol adrenalin generally induces a fatal heart failure by fibrillation of the ventrides of the heart.
After inhalation of benzol vapor the effect of lobeline, hordenine, ephedrine and pituitrin in raising arterial pressure is prevented. In those animals in which heart failure under adrenalin and benzol did not occur the benzol greatly diminished the ordinary rise of pressure induced by adrenalin.
Benzol stops the contractions of isolated organs previously treated with barium. As a final conclusion, therefore, we may say that short inhalations of benzol vapor paralyze the vasomotor system, chiefly by an action upon the non-striated muscle fibers in the peripheral bloodvessels.
